Corridor effects on population densities and habitat use of 3 small-mammal species were assessed during 1998-2000 in an experimentally fragmented landscape. Corridor presence did not have a statistically significant effect on population densities of cotton rats (Sigmodon hispidus) or cotton mice (Peromyscus gossypinus); however, a significant effect was observed for old-field mice (Peromyscus polionotus) during 2000. Cotton rats were captured more frequently than expected in corridors, while old-field mice were captured more frequently than expected in habitat-patch interior; and cotton mice exhibited a more uniform distribution across habitat types. These results suggest that landscape fragmentation and habitat structure may have varying effects on population densities of different species.
Habitat patches with corridors between them should have higher population growth rates than patches without corridors (Fahrig and Merriam 1985; Rosenberg et al. 1997) , with increased population densities. There is limited empirical support, however, for this theoretical prediction (Beier and Noss 1998) . Some landscape-manipulation experiments have shown that corridor presence is associated with higher population densities of certain butterflies (Haddad and Baum 1999) and meadow voles (Microtus pennsylvanicus-La Polla and Barrett 1993). Other workers, however, have reported that patches with corridors do not support higher population densities of small mammals than do patches without corridors (Coffman et al. 2001; Davis-Born and Wolff 2000) .
Species may respond to the same landscape differently (McIntyre and Hobbs 1999) ; for example, corridors are more ef-* Correspondent: kemabry@ucdavis.edu fective for butterfly species that exhibit increased turning behavior at habitat edges (Haddad 1999) . While matrix habitat is not necessarily a total barrier to movement (Bowne et al. 1999 ), a matrix is typically less conducive to movement than patch habitat, and the ability to move through matrix habitat may vary with species (McIntyre and Hobbs 1999) , matrix habitat type (Ricketts 2001) , and edge ''hardness'' (Stamps et al. 1987) .
Habitat generalists may be less affected by habitat fragmentation than are habitat specialists. For example, corridor presence was associated with smaller genetic differences among populations of red-backed vole (Clethrionomys gapperi), the habitatspecialist, but not the habitat-generalist, the deer mouse (Peromyscus maniculatus- Mech and Hallett 2001) . Mossman and Waser (2001) found that the genetic structure of white-footed mouse (P. leucopus), the habitat-generalist, is not significantly different between populations in continuous forest and populations in isolated woodlots, suggesting that movement between patches by this species may be fairly common even in fragmented landscapes without corridors.
The degree of habitat specialization of the 3 small-mammal species considered in this study varies from cotton mouse (P. gossypinus), the generalist, to the highly specialized old-field mouse (P. polionotus- Golley et al. 1965) . Cotton rats (Sigmodon hispidus) are most often found in habitat with a high percentage of herbaceous cover, particularly grasses and vines (Cameron and Spencer 1981; Goertz 1964; Kaufman et al. 2000; Lidicker et al. 1992) . Cotton mice are found in most habitat types, but they are most plentiful in hardwood forests (Golley et al. 1965) . Old-field mice are found in relatively open, sandy habitats with herbaceous vegetation (Gentry 1966) , such as the clear-cuts used in this study.
We examined the effect of corridors on patch-population densities of 3 small-mammal species in an experimentally fragmented, 110-ha landscape (Haddad 1999) . We also assessed use of various landscape elements by each species. We made 2 predictions: patch-population densities will be higher in patches with corridors than in patches without corridors, and habitat generalists (cotton mouse) will use all habitat types (patch edge, patch interior, corridor, and matrix) equally, while habitat specialists (cotton rat and old-field mouse) will use the interior of habitat patches preferentially.
MATERIALS AND METHODS
This study was conducted in an experimentally fragmented landscape on the Savannah River Site, a national environmental research park in Aiken County, South Carolina (33Њ0-25ЈN, 81Њ25-50ЈW). The fragmented landscape consisted of clear-cut patches and corridors embedded within a matrix of managed loblolly pine (Pinus taeda; Fig. 1 ). Nine 1.6-ha habitat patches were used in this study, 6 patches with corridors and 3 patches without corridors. Corridors 32 m wide and 128, 256, or 384 m long linked pairs of habitat patches (Fig. 1 ). Patches were established in 1994-1995 by clear-cut tree removal and burning of remaining vegetation (Haddad 1999) . Patches were burned by the United States Forest Service and were seeded with Lespedeza cuneata during winter-spring 1998. Three trapping grids (1.6 ha) were established within the pine forest matrix, approximately 64 m from the edge of the nearest habitat patch, during March 2000 (Fig. 1) .
The magnitude of a drought during 1998-2000 was assessed using data from the National Oceanic and Atmospheric Administration (2001, http://www.noaa.org). Palmer drought-severity indices relate rainfall and temperature in a region to quantify the severity of drought. An index of 0 indicates normal conditions, while increasingly negative indices indicate severe drought conditions. Vegetation sampling was conducted in patches and corridors during August in 1998 August in , 1999 August in , and 2000 . Two quadrats, each 4 by 4 m, were randomly selected within 16 m of each trapping station. Total percent vegetative cover in each quadrat was estimated visually. Canopy cover within the forest matrix was measured during September 2000. Densiometer readings were taken at 2 randomly selected points per trapping station; species and diameter at breast height of the nearest tree (with diameter at breast height Ͼ10 cm) were recorded.
Census procedures.-Livetrapping was conducted weekly during June-November 1998, these grids followed the same schedule as trapping in habitat patches during 2000. Trap stations were spaced at 32-m intervals for the length of each corridor. Two Sherman live traps (25 by 7.5 by 7.5 cm) baited with sunflower seeds were placed within 5 m of each station and typically set for 2 consecutive nights each week. Cotton was provided as bedding on nights when the minimum temperature was expected to fall below 10ЊC. Captured animals were identified to species, weighed, individually marked by toe-clipping, and sexed, and reproductive condition was determined before release at site of capture. Animal care and procedures used were consistent with recommendations by the American Society of Mammalogists (1998) and were approved by the University of Georgia Animal Care and Use Committee (permit #A343701).
Each trap location was categorized as patch interior, patch edge, corridor, or forest matrix. Captures at the 4 trap stations located in the center of each patch were considered interior captures, while those at the 12 stations within 16 m of the boundary between the clear-cut and the forest were considered edge captures. Captures in corridors were categorized as corridor captures, and those in the forest matrix were considered matrix captures.
We used t-tests to compare the percent vegetative cover between patches with and without corridors each year. Analysis of variance (AN-OVA) was used to determine if differences in vegetative cover were significant among patch interior, patch edge, and corridor habitat types. Scheffé pairwise comparisons were then used to determine which habitat types were different from each other. Weekly patch-population densities were estimated using the minimum number of individuals known to be alive (Krebs 1966) . Patch-population densities of each species were compared between patches with and without corridors using repeated-measures AN-OVA in SAS ANALYST v. 8.2 (SAS Institute 2002). Chi-square tests were used to determine whether the number of captures in each habitat type differed from number expected if captures were proportional to number of traps located in each habitat type.
RESULTS
Dominant species in clear-cut habitat patches were oak seedlings (Quercus), grasses (Heterotheca, Panicum, Andropogon), smooth sumac (Rhus glabra), greenbrier (Smilax rotundifolia), and dog fennel (Eupatorium capillifolium). Vegetative cover was greater in patches with corridors (65%) than in those without corridors (58%) during 1998; but there were no significant differences in percent cover between patches with and without corridors during 1999 (with corridors, 70%; without corridors, 71%) or 2000 (with corridors, 82%; without corridors, 80%). Dominant tree species in the forest matrix were loblolly pine, slash pine (P. elliotii), and willow oak (Q. phellos). Percent canopy cover differed among the 3 forest matrix grids (ANOVA, F ϭ 15.3, d.f. ϭ 2, 95, P Ͻ 0.0001); however, percent canopy cover was high in all grids, ranging from 94.1 Ϯ 0.5 (mean Ϯ SE) to 97.4 Ϯ 0.3. Percent vegetative cover was significantly higher in corridors than in patch interior or patch edge habitat types during 1999 (ANOVA, F ϭ 7.55, d.f. ϭ 2, 333, P ϭ 0.0006, Fig.  2) ; differences in vegetative cover were not significant during 1998 and 2000.
This study took place during an extremely dry period. A 3-year drought began during the summer of 1998 and persisted throughout the remainder of the study (National Oceanic and Atmospheric Adminis- throughout the study, indicating drought conditions.
We recorded 506 captures of cotton mice, 438 of old-field mice, and 340 of cotton rats during 29,088 trap nights between 1998 and 2000. We also recorded 1 golden mouse (Ochrotomys nuttalli), 10 southern shorttailed shrews (Blarina carolinensis), and 1 rice rat (Oryzomys palustris).
Corridor presence did not affect cotton rat (S. hispidus) patch-population densities (repeated measures ANOVA: 1998, F ϭ 0.89, d.f. ϭ 1, 7, P ϭ 0.3770; 1999, F ϭ 0.99, d.f. ϭ 1, 7, P ϭ 0.3539; 2000, F ϭ 0.38, d.f. ϭ 1, 7, P ϭ 0.5559; Fig. 3a) . While statistical analyses were conducted on data from all 3 years of the study, graphs of average population densities in patches with and without corridors are presented for 2000 only. The effect of corridor presence on patch-population densities was not statistically significant for cotton mice (P. gossypinus; repeated measures ANOVA: 1998, F ϭ 0.12, d.f. ϭ 1, 166, P ϭ 0.7245; 1999, F ϭ 1.11, d.f. ϭ 1, 240, P ϭ 0.2927; 2000, F ϭ 0.89, d.f. ϭ 1, 241, P ϭ 0.3456; Fig.  3b ). Corridor presence did have a statistically significant effect on patch-population density of old-field mice during 2000 (P. polionotus; repeated measures ANOVA: 1998, F ϭ 0.64, d.f. ϭ 1, 7, P ϭ 0.4512; 1999, F ϭ 1.05, d.f. ϭ 1, 7, P ϭ 0.3402; 2000, F ϭ 8.18, d.f. ϭ 1, 7, P ϭ 0.0243; Fig. 3c) ; however, patch-population densities were higher in patches without corridors.
Habitat use by cotton mice and old-field mice was nonrandom during 1999 and 2000; habitat use by cotton rats was nonrandom during all years of the study (Table  1) . During periods of nonrandom habitat use by cotton mice (both sexes during 2000 and females during 1999), there were more captures than expected in interior traps. During 1999 and 2000, old-field mice were captured more frequently than expected in interior traps. Cotton rats were captured more frequently than expected in corridors during each year of the study.
DISCUSSION
Corridor effects.-Our prediction that population densities of all 3 small-mammal species would be significantly higher in patches with corridors than in patches without corridors was not supported. Corridor presence had a statistically significant effect only on population densities of old-field mice (P. polionotus) during 2000, and patch-population densities were lower, not higher, in patches with corridors in this case (Fig. 3c) .
While we did not observe increased population densities in patches with corridors in this study, other effects of corridors, such as increased interpatch movement, may be more important for habitat specialists than for habitat generalists. We have found that cotton mice were more likely than cotton rats or old-field mice to move between patches without corridors linking them, indicating that more-specialized species may have greater difficulty moving through matrix habitat (Mabry and Barrett, in press ). Greater-than-expected cotton rat captures in corridors (Table 1) suggest that old-field mice and cotton rats may be more likely to benefit from corridor presence than are cotton mice.
Habitat use.-We predicted that cotton mice would use all habitat types equally; this prediction was not supported as cotton mice were captured more frequently in interior sites during 1999 and 2000 and were captured very infrequently in the forest matrix. As expected, old-field mice were captured more frequently in habitat-patch interiors than would be expected if captures were distributed proportionally among trap locations. We expected that cotton rats would be captured more frequently than expected in habitat-patch interiors; however, this species was instead captured more frequently than expected in corridors. While all 3 small-mammal species considered in this study moved through matrix habitat (Mabry and Barrett 2002) , few, if any, animals were resident in the pine forest matrix. Another potential explanation for low numbers of captures in the forest matrix is that animals moving between patches of suitable habitat may be less susceptible to trapping while in less-suitable habitat (Briese and Smith 1974) . Placement of forest trapping grids (Fig. 1) may also have influenced our ability to detect animals moving within the matrix, as animals moving between patches would not have been detected by trap grids on the perimeter of the site.
The results of this study suggest that landscape elements may have greater effects on population dynamics of habitat specialists than on those of habitat generalists. Further studies of the effects of hab-itat fragmentation and habitat structure at multiple scales and on a range of species varying in degree of habitat specialization are needed.
